A study of the transverse injection of helium into a
Introduction
The has been used in a flow seeded with iodine vapor _'9. Eve_ an LIF t_ght experiment was conducted using iodine Seeding I'_. However, because of the corrosive nature of iodine, this approach is not suitable for ma_y facilities.
Planar LIF has been used for both no_eaetir, g (seeded with nitric oxide) and reacting flows (using OH formed by combustion) n.
Schlieren flow visualization has been used by several researchers _2a3.
A recent example of the use of Schlieren is the study of low-angled supersonic gaseous injection into a supersonic freestream 14. Analytical studies of the penetratio_a of gaseous jets into supersonic flow have also been conducted xS. An aspirating hotfilm concentration probe has been used to measure helium concentration in a study of mixing at high supersonic speeds _6.
Rayleigh
scattering has been used by various researchers to make quantitative point and planar measurement of concentration in turbulent flows _7a8.
Point measurements have been made in a small burner with frequency response in excess of 10 kHz 19. Mixture fractions have been measured in a reacting flow using a copper-vapor laser 2°. Temperature and mixture fraction have been obtained in a turbulent diffusion flame 2|.
Two-dimensional concentration measurements have been reported for turbulent flames 22, and fuel-air concentrations were measured in a propane-air mixture 23.
The objective of our work is to obtain quantitative measurements of the mole fraction of helium injected from one or more injectors into supersonic air flow.
Molecular
Rayleigh scattering was chosen to make these measurements because of the following reasons: (1) no seeding of the flow is required;
(2 
d_ where dc/df_ is the differential scattering cross section and Z is the angle between the electric field vector of the (linearly polarized) incident light and the direction of the scattered light.
The shape of the Rayleigh spectrum is, in general, a function of the scattering angle and the gas density.
For the low density flows in this work, however, the spectrum has a simple Gaussian shape
where K = ks-ko is the interaction wave vector with magnitude (wave number) K = (4/_)sin(0d2), ko and ks are the wave vectors of the incident and scattered light, photoelectron count is about a factor of 5 larger than the readout count from the CCD camera). A number of changes are planned to improve the data quality. A large capacity helium supply is being installed.
Experiment Wind tunnel
This will allow much more efficient use of test run time compared to the use of 220 scf cylinders used in this work. Also, this allows study of larger momentum flux ratios for future injection design development.
Better quality windows are being procured for future tests. These windows will be fused silica or BK7 and will have much better surface quality than the windows used in these tests. This should result in a significant reduction in the amount of stray scattered laser light. In addition, these new windows will be mounted such that they can quickly be removed The optics will be aligned according to the Scheimpflug condition so particle images will be in focus and can more easily be removed from the Raylei_I_ scattering images.
The effectiveness of the iodine absorption filter is limited with the pulsed NdiYAG laser used for tiffs work. This is likely a result of weak lasing in a mode other than the mode matched to the injection seeder.
Use of a CW laser (such as an argon-io_ laser) with
better spectral properties will be considered if the particle loading can be sufficiently reduced.
Mole fraction measurement from single-shot images will be obtained using CCD binning to increase the signal-to-noise ratio. This would give instantaneous planar data on the mixing (but with a reduction in the spatial resolution). 
